The effects of toxicants on the populations for an n-dimensional food chain model in a polluted environment are studied. The thresholds between persistence and extinction of the populations are obtained as functions of model parameters and a time-varying chemical concentration.
INTRODUCTION
In the world today, modern industry and agriculture are developing rapidly and the associated pollution of the environment becomes more serious each day. Therefore the study of the effects of toxicants on the population and the assessment of the risk to populations is becoming more important.
In the early 1980s, T. G. Hallam and his colleagues put forward an idea w to use the methods of dynamics to investigate problems in ecotoxicology 1, x 2 . They proposed a toxicant-population model and investigated the persistence and extinction of the populations stressed by a toxicant. The threshold of population survival has been obtained under the assumption that the capacity of the environment is very large relative to the population w x biomass, and that the limit of exogenous input of toxicant exists 2 . In 1986, T. G. Hallam and Z. Ma found the threshold under the assumption w x that the exogenous input of toxicant is periodic and bounded 3 . In 1989, Z. Ma, B. Song, and T. G. Hallam proved that the threshold is also available under the assumption of arbitrary bounded exogenous input of *This research is supported by the National Natural Science Foundation of China. w x toxicant 4 . In 1991, H. Liu and Z. Ma extended the methods to find the survival thresholds of a Volterra type model consisting of two populations w x in a polluted environment 5 . There are also several other papers in this w x field 6᎐9 , but all the previous results were concerned with models consisting of one or two populations, or just some sufficient conditions of persistence or extinction were obtained. Recently, the thresholds of a Volterra type modal consisting of three populations have been obtained by w x the method in 10 . But there are some essential difficulties for extending the related results from the three dimensions Volterra model to an n-dimensional Volterra model by the same method. In this paper, we w x refined the idea used in 5 and developed some new methods to investigate an n-dimensional Volterra type food chain model. The survival threshold of each population has also been obtained.
MODELS AND NOTATIONS
Consider the following food chain model with toxicant stress dx ¡ 1 s x r y r c t y a x y a x Ž . Ž .
Ž . is the dose-response of species j to the organismal toxicant concentration; Ž . a i, js1, 2, . . . , n are positive constants, which represent interspecific Ž . volatilization and so on; u t is the exogenous rate of toxicant input into the environment, which is a known function and is assumed to be bounded,
Ž . Our goal is to find the conditions on u t such that population x t is Ž . matrix obtained from matrix A by changing its nth column to ⌫ s
It is obvious that vectors and exist.
SOME DEFINITIONS AND LEMMAS

Ž .
Ž . 
Ž . Ž . DEFINITION 3. Population x t goes to extinction if lim
x t s 0.
The following lemmas are useful for the proofs of our main results in Section 4. 
is that
Ž .
Ł i tªϱ is1
This conclusion is obvious since the product for each i is a finite product. 
Taking the limit superior on the both sides and noticing that Ž . Ž . lim sup x t ) 0 and x t is bounded, it follows that
is a constant nonzero
, 1 F i F n, where ) 0, and Ł j . .
Applying the same procedure to E as the one applied to D we
Ž . Ž . Thus, from 3.6 and 3.7 we have i r c t Ž . It is easy to see that˜d
det A s a a q a a ) 0.
Ž .
Ž . That is, system M has a positive equilibrium. 1 The necessity is obvious. 
Ž . THEOREM 2. Consider the food chain model M . Assume that
1 Ž . det D ) 0, then Ž n=n. Ž . Ž . Ž . 1 x t 1 F l F ii i i 1 x j i y 1 T ² : ln s r y r c q и A и x Ý Ý Ý 1 j j j 0 j j1 0j Ži. i 0 ¦ ; t x j j s1 js1 js1 ² : ² : y a q a x y a x , 4.9 Ž . Ž . i y 1i y 1 i i ii i i iiq1 iq1
Ž . Ž .
1= iy1 Ži. i Ž . Taking the limit superior on the both sides of equality 4.9 leads to
Notice that
Ž . It follows from 4.10 and condition 4.5 that 
Ž . i tªqϱ
For this end, the key is to prove that for any p, 1 F p F i, the following two expressions cannot hold simultaneously:
The proof is by contradiction. Suppose that there is a p, 1 F p F i, such Ž . that both expressions in 4.13 hold. According to Lemma 1 we know that Ž . This contradicts expression 4.14 . 
The necessary condition of maximum values yields According to Lemma 2, the proof of Theorem 2 has been completed. Ž . An integration on both sides of expression 3.1 , dividing by t, substitut-Ž . ing 4.18 into it, and then taking the limit inferior we obtain
Thus the corollary follows from Theorem 2. x s x r y r c t q a x y a x y a x Ž . It is easy to see that the survival thresholds of the populations x and x , of our conclusion derived from Theorem 2.
